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(54) [»n(i!>«»] wmmoniibcD^wm, cnsjBv^&^^Ai/^'&c^neott&^ii: 



(CT) [^1 




100 



150 



130 



110 



(2 

1 

i:iitizki:mib'ri>wmmi:iifyDiS'm^. lo 
[if$iB2] tmrmmmii. 

m.ht'cmmmi^'yx. mssL^i-^^-^j^m^ 30 

mjmmmifimmm^iixmmixhzt^wsk 
[if^«8] -vmmmhiizmssmm^m.'rm 

^j:-fTm<m)i^^/jxmx^tixmi.ymmm±j}- 
hmiJ:mmtiz^htxffM^mLmr>x. 
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imm 1 0 1 msjimmmii. 

:J':i«>A. >f-)rby'>A. :J':^^';WatX::i3|-b'«>A<?53 

TS!mm±iz^txmeTmtnm±iz<m^-ti>&. 

Kb. 

mi^ixif^Bmjimmi^j:-r^mii:mst&&. 
let. 

mmjmtcoBUibizx '>xm.-f-6Rjt^mii»\ii 
m^-^^^A^^mmk^mLx^w ist^m^ti 

[^^14] msMii^mijmth&mi. 



(3 

3 

l6fl:r;l^5-'>Ag±ti»«3-li-SSI8i:. 20 

ME®«$iifcB5Ef-^'-'>Ay-x^3tJi^S*i:t 
f-:J'-.>i^y-x, atm«3iutT;i'S-'>Ay-x 
fc:||fl:RiB<0fcft«)RI©i"l*4i.TlMb^^'~'>A«a 

U«>TB9afflJ®!E»et:«S^ESrJ#/:!-t*-|.C: 1 5r 

#ai:-rsiii«3S 1 6{cea«^i8fliis<o^«xo^«8 
[i9««i8i rnierss^SJi, wEffljsi^Jiftix 40 

S.r fc 5r#8lfc^5iS*Jl8fc:iE«<^ilfll3S<^fc»0 



00 1-1 60 5 57 

4 

imm2 0 J tmrmmma. 
[11^2 1 ] mi±mmm\i. 

x'i>*). mBLmimmiimiti-^-^M>mx't>'). 

[13^2 3] memasmmii. 

mhtx'<r>m.mLi:^'>x. mmt^i'~^J^m^z 
Bfsrr saj^i-Kitjv ^xmssnt^^s^-^y-t^tsn'ismuz 

[11^241 mi^mmi. 

nmi:^j:-r7imimzi!^mLxmx^tLxmsrfmm 

m±ji^t^mB±.mmmizmhtxm.^&i¥fr,x. 

ms±mmmtzmtthm^xmss±mimmim^ 

imm2 7 1 im§'SmmfS:ti>mtz)i\,vt:. 

- A y-x$:l5ai8fl:T;w 5 -^M.m±iz^ix 



5 

tfiSRfmk<ORm::i •oxm:t&Rjmmi»tii 

S43ffiSr^yt:-frS C: i: i -sTJgfife^nS ^ t irimt 

m. 

[0001] 

[0002] 

mLx^i>^m}Si^mmbLxmmx^&. ma 

tf. SI«RfcLTONO (Oxide/Ni tr i de 

/Ox i de) K^itJiNO (N i t r i de/Ox i 

d e ) mt'mmssimmx^ h.^{i>iz. 

[00 0 3] L*>U. ^«R^^r-r^!B»®««fflM5r 
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i:^. miimmi}^mmmx'^^j:<^j:i>^^$> 

[ooo4]Bi^#!!muf. rmmmio±izm 

10 itwis^m^mmti. ::m.^^^-hLxwLmh 

Ji 1 0ic*jJt&-^«a4jRfiStcfev^t:±sfeMS2 

[ 0 0 0 5 ] ^cOJ: 5 fmmM 
lObLXmL7A'^:=y?J>. ( A 1 2O3) JB*fflV\ ± 
aSWrnS 2 0k UTR^t^:J'-'>A ( T i Oi ) Jl^ffl 

[ 0 0 0 6 ] H2 *#IK1tiHr. -S-tf^^+t:. misn 

L^JgTJS:^-^^. ^O^tf>. IS«S*lfc±ai!|*>MJ12 
OJiffi»t:ai^Bh!KD>''-iSrfto^tfc:^f&. U;t 
*«ot:. ±aEftHJi2 0#J:Oaf<l^3n5i:. i« 

±a5«m«2 0«ff3fflll{i:«i^>T^pi^5:fc*. ±95 
!ftfiS20<0l8fi!|$ttt*fcffi«>T^fa^-fc:^:6. 
[0007] dcoi o t:^ffll^^-rv^-fii*^-5<o!fe 
30 ©«2 0<7)|gH!SttAq^t5:<x{f^ ^giO^B^ 

[0008] 

[f^m^ftLJ: d kf &11S] 4cf|i>HidJi£Wf 

^^£tfmmmm.t^Lx^mfiiz.^^j:Wkm 
[0009] ^mifmmmi. m&Lti^msiin 

[0010] 

50 ^-C=S:&T3;«le€At^±9Wml(0#iBi^«l£I^Ji 
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imx^titfS'Mmimm-i. mm^mu, mm. 

a-'^A. •bU'^-t.. 'J yhU'^A. 9y 

[00 1 1 ] ty^. ma^'Wrnt. mirfmmm. m 

[00 131 ^ofc^. raic!»Re«^»±. msirmi 
m&xmmMmmmmizimhmmmi^j:^ 

[00141 mmmsf^mu. im±.mmmi^j:-t 

-xmta-thm i \ mirmmm 
xmiTmmm±i=.mm^-ti>i)*. j>&v^«Baij«* 

!mt:^tXmSXmJ^mi:^j:^^Vif:mmL. m 

mjmtcoRjbizx -^xm.-th^jsmmmtat 
hms^^-i^i^o^^^ ^fi'i^'^xm&^tih. 
[001 51 ;:<Db^. Mk^m^tit^^^^l^n^i 

m:f> tvixmrn^iummizmfimii^ti^t . 
[0 0 1 eitmsmimi-itiibiz. ^^m>mi^ 

[0017] 

m(^mtL\>^immiz-:>\,^xmmzmmth, l*» 
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mmmx*)mmwmit:»>izm&^tixt5^. m 

10 [00181 *w^msmi^m<^m^hw^m 

imitmm^tifi§'mmim^-thb^. tsm^^h^ 
mco^iziMA^itthmMK^mimx Ltii><^t: 

ists, :icoXoizmA^tii>mgim^mii. m<o^ff) 

vimmcfmmm^iinzistt. tti, mimmii. t 
mmmizmtthst'inziiT3immi:mA-ttm& 
jmi:m^mizit<^A.ii^. ±mmm^zm^■rhm 
^izii±^WMmi:mm-m^ijimi:Witmizfz< s 

[00191 zcox 3 izm.m^mifirmimm±tz:^ 

mimm^tLmizT^mm^m^. 
j^^ji-^ffy^imi^itx. ±.mmm<nr^mm^ 

[ 0 0 2 0 1 J: »)i«ifc:ii»»ttLar. immmmrr 

h. -f^shh. ±miim\iTm(m<o0m^iz)^\iz 

miSLWizm^xmifi^^m-h . 
[00211 Ltpu Tmmmiiz. -mLfzmM 

^max%h. cKocitji, Twmmbmth^x 
40 M-fmmm^mm-hmmmiizxhmnfiw&L. 
ipo. i^mmbmi>mmm<7msism'i±±. 
mmmi:tiiA-thmfSjimtzii hmimm-&x o 
lizmjimmm^^ixhii^hxhh, 
[00221 :itOizx 0. ±.mm.m\i±mm.mi:^j: 

/.ii-XKi. ^xt^^m^LX^^-^h^tsiW&Mj 
-XAm.'>xm!mmiL\izw^^fLhX^Kzts:h, l 



9 

[0 0 2 31 ifc, *i6Hfl<oiuegsrcn. m^ttix 

fmtcitB^i. msimtttoi. ^srioou, 

I so^^tr. 0ii.ar. T^ummi i oiiK^r/i'S 

x'hi . ^<r>t % . mi.Li^Tmmm 1 1 om±.u 
vmm 1 5 o<o#>?«aA-a+A<D^$-cjg«-c^ 

ioo25}±^vimmi5oi}n'mimiiom 
Jil 5 o&xrfmmmi i o*«-en-ew8fl:r/p$- 

[00261 tL. ±as|!j®Jil 5 0fcLTfflV^/i>il5 

[00271 Sfl:T;l'5-'>A®at^fl:^^'::i'>AS 
**tr^aiSl 0 0S^ti««c*^<O^+-'^i^:?<0gSm* 

'ft^^' AHl-eii^hl?; 2 A~ 5 Afc:ffi«>TiK » 
[00 281 Ztim±i-ht:ifHZ, MSftfiJ:»)=3rS 

isicBms 1 5 oatrrasiBm® 1 1 o mcr>^mmi: 
mtth^&b tx. immm 1 5 o&tn='3!t!»©i 

I I oeko9!iiii(c«ij£lc^Ji 1 3 0 ^^Ai-S. »J£lc 

m 1 3 OUPSiBmJ: 0^6±asB»©fl 1 5 ORtTF 
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[00291 Zeotiibtz. fflj®S^«130li. 04(C 

stti 3 1:. Tmmm 1 1 o&t^±stt®Ji 1 5 01& 

m^m^itmrnmrn 1 3 o</)m^izfbtx$t{t'ti>, 
•r^j:h^. mimm 1 3 o<o^§fc:ietTi8s^s*« 

[0030104 i&#Bmitf . K-ftr/i^s - 
^M,(0Tmmmi 1 oai/Kftf-^j'-'^Aoiafiim 
10 jg 1 5 o<ommA^iii>m.w»m 1 3 ou. 
mmi 1 0(7)mfHxikitrfi^^-'^j^<ommiimn 
mizioo 0 , ±mmm 1 5 0 <oiggrtTm 

IBj£lK^Jil 3 0». T^SJgl 1 0;&><^±aqi! 
ail 5 0T*>«.l!fl:^:?-'>Altc:Ml.tT\ R^kT 
;l/ S A<OjiS*«)8a3i^J'-r J: o 5:i8S^SS:» 
o. ::fifc«L. ffljS^^Sl 3 0«. llffcT;i'5-'7 

AawTasiijKwi 1 OT«ftlrtl.a5fi[*-^±a5«m« 
1 5 0fc:MS^-ci!E^^^'-'>A<7)}iS*iiilnrt*iiS 

«}Sig 1 5 0 t:m-tmj^m 1 3 oc^sa^u. 

[00311 Ltlt^-yX. m^nm 1 3 OCO^iSJiH 

^cigfl:^^-'? Aji<o±S!ii!®ji 15 0 tmAX'i & . 
^ii^^^J(}tl-XA^zm^fiiz■m^LxmS:T^ 

30 

[00321 c:oJ:d'5fifflJSI^«l30ttllB«t:» 

mm.i-^~'yj^\mi 0 1 oiccoiasai^2 . 4 9 

X10-"Pa (1. 8 7X 10-13 Tor r)JaT<Offi 

Kfl:r;^5 -^j^&xmiti-^-'^J^imm^tix^iz 
■kttmimm 1 3 ou. ^xgc^s^t^SASrS 

[00331 zcoio^j:mm^mi3o<om&t:m^ 

40 ( ALD : At om i c Layer Depo 

s i t i o n ) -mizm^^^xwrnth, im 

[0034105 iSr#Bgttltf. t-f. TSiVimm (0 

3«i 1 0 ) m&^tvtz^timi (0^ii-r) ^s? 

AtS. ALD^rffiSrfflv^T3<||$$n/^K 
-fbryl/S-'^A^JrTaBftM^l lOfcLTfflV^S. c: 
<^k t . K<bT;P5 -•>AJU4l«jaA~a+ AWS^T 
50 jm-C^i<OT. »2A-5A«5S'C»lfif i. 



1 1 



[ 0 0 3 5 1 ijct . wtitT/u^-^j^mcoTmmm i 
1 o±izw^h±mmm 1 5 o ^ =5rim^^-'> 

h (05CO5O1 ) . ^i*fflg«ALDI 
e<07t*^tC«2 5 0'C~4 5 O-CcOiaStCfto^fcAt-C 

[00 36JtiiaLyif-^'-'>Ay-Xi:tTJ4. B94a 

fl:f-:J' (T i C 1 4 ) ^:f:c7)^:J'-'>i^^^ny>' 

[0037] mz. mi^-^-i^mii^md (5o 

2) . y«-i^';<fXtLT(ig^;<r;:^ (Nj) SrlUfflT 
# . a«:<fXJi»4 0 0 s c c m<oaa'Cttlftf # 6 . 

3TiCl4+4Al (CH3)3 

1 1 J: tmSizX r>X. WS^tiX\^1im& 

(Ti (CH3)4) t^O. TMAJiaiS'fhT/PS- 
'^A ( A 1 C 1 3 ) t^ijS. 4«$fl*:HlSft:T;P5 

ri'>AStoT^fi« 1 1 0<7)^Mt:JiH^^;kf-^':i 30 
^J^^VTlAAIfi^^^tiXWi^lxfz^i^:. b 

[0 04il»:t:, |g2>'t->;$-ffkM5 04) . 

«flL^O«aWfc:«^fCV>STMA^rlf«-»aj-t « 
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* [0038] iJcfc, BuELJt J: 5 tHJ£fl:^^-'>A*'- 

mtzT)\^^~^Av-xim. 2fmmi-i> (so 

3) , hOXi->l'T)\^^-^A (TMA ; Al 

(CH3)3) trziihV:r.i-)i^Tf\^$.-'^J>. (TEA: 
A 1 ( C2 Hs ) 3 ) ^t'<r>TJU$.-^j>.iistsmmi^t 

t:'*i*!>0. 2#Stt*&$iil>:^S:S*Lfc*«. ALD 

[00391 m^^tLhTfu^~^j>^v-xiiTmm 
mil ocomitTi\^^~^j^m<mmtzimi-hi)\ * 

h. ril'5-'>Ay-;^i:LTTMA^fflV>fc*&^*«| 
{ORSt. -a5<OTMAiJ|!9S^f-^-'>AA<««$tl 
^rV^TSSfeSSl 1 0<^)K^k7;P5->>AJg<0^(Sfc(» 

±btx{tmf}^j:ismmtzxhTMAifi&L 
vuzTmmm 1 1 o ffmsmsth ztiz^ch.^ 

Lx. -a5«0TMA«i$fl:r;i'5-'>Aat:i»^$nT 

[00401 
3Ti (CHa) 4+4A 1 C I3 (g) 

zffib^. m2J^-'jm5 04mi^^-im9S 

->«B5 0 4<a''C- vfifSBSa*»2»Si:-r& . 

[ 0 0 4 2 1 mimi^Rjmt Lxmi^tt ( 5 

05) . mtf. (HjO) ^:fc'^}5>0. 2#SI 

mmiiiiTmmmi 1 o±izim$ti 

TV^STMAatfH-Xf-;Pf-^::i«>Afc<5?ora^2t: 
[00431 



Ti (CH3)4 + 2A1 (CH3)4 + 5H20 

-*Ti02 (s) +A I2O3 (s) +1 OCH4- 



^Mims^tRlBLx^n^t^Mltm<mizm>h. 
mm. zmiti-^-^j^ ( t i 02 ) &i/Hi8ftr;p 40 

Sn-^A (A 1 2O3 ) ^ri:<Diefl:^:?-'>Affl&tfSjMk 

[00441 zcot^. dummtLXii^yi}x 
(CH4) *«i64:ts. ztim^a-fhti^iiz. ii3>< 

-i^'^*«>3»ISffd (506) . ^dLrmii^^i 
3 0 SrJg^-rS A L DXg^7)-O^ORi51^>f ^;Wi*^T 



*»i»o. 5A~3A«om$^t>oc:t*«-c^&. 

[00451 -tLT. :Lff>Xo*j:Bim-^^n^if^m 

^ oii-rc: t J: ^mmmm 1 3 om^ mmm 
^tX'^^^^h:Ltifi'^^h, tt:. ^n^tKom 
l?->f^;Hci}V^T. f^-i^t^mm. f-^-'^^y-x 
^^ItSSS (501) *yj:Jjr;i^5-'>Ay-;X(&-§- 
;tSgPg (503) Tffmmm. t^j:hl>. /vii^y 

y^istthztT. mimmisoizmfiiRi: 

[0046106 t:^mfHi. ISEL^ J: 3 

^9)ii:inozbizx*). Tsmmmiio^izmi'*)- 



(8 

13 

2^znm^m i s 2 srm i -fzrmsjmm 1 3 1 ± 
(501) ffymimi:^x.xmk^ixhwmL^9- 

(503) <0}#^l^^3f;cT«*&$ilSTMA«7)M^ 

[ 0 0 4 7 1 i ^mmizmmtm.. m 1 -triafi*^ 

^131 «:MfEH5«^''( 5 >'^^RJ61^^ ^'yPfrfi! 
oTJBjSLfcaC:. f(i2^-/mS^m 1 3 2 i&JgjSi" 10 

0 1 ) (ommim^. ^Lx. TMA^^-ih^ 
i^(502) titamiJ^-'jm (5 04) m 

10048J ^di-SifctioT, 
SII2ifyfflJ«i!^ll 3 2T<0iHfc^^-'>A«<0» 
•C. SI2-tyaj«4^^1 3 2J4. wELfclBl-tT'ffl 20 

j««^)ii 3 itcit^T. mftnu^-^j^tznttm 

[0049] Z<7)X 0 teas ^#ffl|LTiiHBLfcRJ5-9- 

js«£»«i33. mA^fmi&^misA. ig5-t:r 

HjSI^Ji 1 3 5 ^y::(im6i^:/lll£ief;Ji 1 3 6 S^ffl 

1 3 0 cr)Mc«p5rW$ ^H»-C# S . 
[00501 ^rfc, H5-CJ4, f-^'-'^AV-X^r^i. 
sa» (501) *«T;PS-'>Ay-x*-^tSS» 

(503) ii{Cffi>/iSi©^$:^LTV^I,*«. TyPS- 

isae (501) ^xhr>x. rti'^-^Av-xi: 

^tiSSS ( 5 0 3 ) fit, mm^j:t'<7)mmi:^z. 40 
SSB (505) mhtiXi>8:\>\ Zffi^izii. Wt 

^^f-^j<mm^tdtTmmm 1 1 0 (wntr 

fl^^-'^M.m) ±fc. W^h7)^^-^J^V-Xi:^ 

thmx'm^tiiT/i'^-^-uv-xmm^tit 

[00 511 -tLT. m:iOJ:3tCfflJfel^Jil30$^ 50 
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m^Lt^m. ^(o±tz. msi^mtxmmttzxo 

[00521 zffit^^ ±.mmmi5 0{zm-ti>m. 
immi3 offym. mm. mfxme^zrmKm 
SI 3614, ^<vmmrmMmm^^xm.i- 

f-^Affy^mifiW>Xm^\ Lfzlfi-oX. mm^tih 

immm 1 5 o(rm^^'^~^j>,m\imm.m^^^ 

h^LtifX'th. Ltzifi-iX. mi^^^;5-XAJ:i3 
h. ^*ltJ:0. Jia5!8»a«l 5 0{4J:Oi^5:lSBt: 
[00 531 i)t. dOid^r^SKl OOA^^^v^v 
^mSl 1 0, 8ij£lg^«l 3 0Al^±3B^S«l 50 

<nmm *)mtih j: a t^^sis i o o $^flii£-c$ 

[0 0 541 H7?:#!!mi<4. TmmMllO. ffi 

j£i^fi 1 3 0 Atf±as!iii€€ 1 5 0 ^md^miLti 

\t. m.^T)v^=^^j^mhLxymm.m\ i o^^jk 
mm.^m 1 3 0 sr^At^ft, im^nm 1 5 0 

i-wmm 1 5 o±{cigfl:r;i^5^^^iJitf5fl!ioTiai«i 

[00551 :Lvy^. magt^^^-^j>.m<o±mi 

0- ii<mizi,mmimmi^^mxx%hif.~mi 

9=.'^m<r>immm 1 5 0 1 sfl^ryi-s -'>A)i<r) 
mymmmi 1 0 - tcosfcJiffljai^iiio^A*^ 
^x%h. 

[00561 CcoJ: d fc»«5nJtK{kT/P5-'>AS 

mfoTmrnm no* ifcrfficom^^a 1 3 0 • 

«J®B1 5 0' S:«AT#S. t>^*^, fi!l«±asi*® 

Ji 1 5 0 • <i>t:ffi<0Ta5!|H®e 1 1 0 - ^t'SrSI 

KLxh$i\\ :Lff)i.dtiz. Tmmmiio. msk 
m 1 3 0 At^jjmsftJB 1 5 0 immm-ttmi 

X^h. 

[00571 -m^z. ^^-^NV^'t^^Wct LTfia 
^aiSl 0 0*ffl»-^Si&^, ^MRl OOO^WS? 
{4*«»2 0A~10 0At)g^-C^«.. ifftt<J4. ^6 
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1 5 

[00 581 ^SKlOOJi. frat^^ridt, TaSfe 
©«1 1 0. 3 0&t/±g|5!feS^l 5 05: 

1 3 OaiX±gWJjM^ 1 5 0c7)'5-tt'?il<0ff$tt'?- 

tmt u\ *-tf=3:^,. ^msti 0 oammk lx lo 
m^^t^tii^. mittiTmmmi i o, m.'m 
mis omistumm i s oo-?-ti-f 

>'^>'^'<±. *ifi&BB<7)|Qi0g®t:J:l.^fiKl 0 0*>'^^ 

mmt LX(^m\^e>tii> t«oT«^rv>. 
[0060108 ^ #Btt<xtf , ^frfflss 1 om 

[00611 TMW&S 40±iz.m^LtiXo ^r^S 

mioo{:mmtLxmxi-i>. :i<^xd^j:^mmi 
[00621 ^mLxoo^-^i-frmmmw 

0fc»^tT;^5-^i.«S•#At. 4>o, ±9!!»BJil 

5 0fcl.Tig|fl:^^::^'>Afli&^A-rSJ^, 

0 officii. JianUc^g^!(iiMac$-^r^«.^t*«-c# 
e^f-^'-'^Att^miftST&i.**^.. ^MKioo 

il«ogim¥J:>)<>«^3f^v^ill|i^^t^ttSl0 0U 40 
mskx%h. 

[00631 ^O-*. i<?5 J: d=Sr#«i! 1 0 0J4. «f 

s 1 0 0 fc *>-e& 4 . L?t*>-^ -c . Ta^mss 

4 0*«av>^S:fco3»5cfl!JtJ:0=ar5fcLT<>. T 
asmSS 4 0O*iBfc:»->T%-fc:|^«K 1 0 0 il^ 
X%h. 

[0 0 641 C:<OJ:d=5r^«l!lOO±fc:±a5mffi85 
0*^A$*tt:^«^^<^)=^f^y'Ci^^'*^$itS. 50 



!^2001-l 60557 
1 6 

[00651 m&hfti, 0 ^mfimmm&mc 
iff. -Twrnkm^jmsmt. -e^i-e^iryus- 

»>A (A 1 ) . i^'jny (s i ) . (Z 
r) . -by^A (Ce) , >f y hU-^A 

(Y) . (Ta) tiCi»4:i3rb*«>A (Nb) 

[00661 

[%BH<^«1 JjUdS^idt. ifmfAzii\Xl. ffl 

[00671 jaji, *f6w^:a*w^:ii*s»s^atT 

ilSr*tS«fc J: ^X ■eo?9&^>iSfij{(fsrig-C*S . 
[aiii<^4^>>H] 

[011 mA^jiii-XAi:wm-hi:iiiy^ymm 
wmxi>h» 

[021 Stt«^->t;&^XASriiBW-S^cto<0«l6Br 

[031 ^mf^mmmtzm^mMt^mmtit: 

4txi5BrH0"CJ>S. 

[041 03<O#S«!rt<Offlli^^iiBWSfc«xO 
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